It has been shown that for the highly-correlated d 4 electronic system the spin-orbit interactions produce, even in case of the cubic crystal-field interactions, a singlet ground state. Its magnetic moment grows rapidly with the applied magnetic field approaching 4 µ B for the E g state, but only 3 µ B for the T 2g state. The applicability of the present results to the Mn 3+ ion in LaMnO 3 is discussed. 
and the enormous magnetoresistance effect at the vicinity of room temperature.
One can be surprised but the influence of the spin-orbit interactions has not been systematically studied though CEF effect is already known by more than 65 years, after the works of Bethe and Kramers at 1930. It is only generally accepted that in 3d ions spin-orbit interactions are much weaker than CEF interactions -such the statement, however, has led to the ignorance of spin-orbit interactions. Nowadays performed band-structure calculations usually ignore spin-orbit interactions with a (wrong) justification by the quenching-orbitalmoment effect. The forgetting of the spin-orbit interactions is, however, very dangerous. It will be shown in this Letter that they produce a number of new physical phenomena like the singlet ground state, for instance.
The physical situation of the 3d n system of a 3d-transition-metal ion is taken to be accounted for by considering the single-ion Hamiltonian containing the electron-electron d-d
interactions H el−el , the crystal-field H CEF , spin-orbit H s−o and Zeeman H z interactions:
The electron-electron and spin-orbit interactions are intra-atomic interactions whereas crystal-field and Zeeman interactions account for interactions of the unfilled 3d shell with charge and spin surrounding. These interactions are written in the decreasing-strength succession.
In a zero-order approximation the electron-electron correlations among the d electrons are This situation is accounted for if one considers the single-ion Hamiltonian (1) written in the explicit form for the Hund's rule |LS term:
The first term is the cubic CEF Hamiltonian with the Stevens operators O m n that depend on the orbital quantum numbers L and L z and B 4 is CEF parameter. The second term is the spin-orbit interactions where λ is the intra-atomic spin-orbit coupling. The last term accounts for the influence of the magnetic field, the externally applied in the present case.
For simplicity the free-electron g e value is taken as 2.0 instead of 2.0023. The calculations of the many-electron states of the 3d 4 system have been performed [6] by the diagonalization of a 25x25 matrix associated with the Hamiltonian (2) considered in the |LSL z S z basis.
As a result of the diagonalization we obtain the energies of the 25 states and the eigen- CEF splitting amounts usually to ∼25000 K, the spin-orbit splitting of the T 2g state -to 600 K (5λ). Then the splitting of the E g state amounts to 14 K only.
It is worth noting that despite of the singlet nature of the ground state its magnetic moment grows rapidly with applying field as is shown in Fig. 3 . In case of the E g CEF ground state this induced moment approaches the saturation to an integer value of 4 µ B , In conclusion, it has been shown that the spin-orbit interactions produce for the highlycorrelated d 4 system, even in case of the cubic CEF interactions, the fine electronic structure with a singlet ground state both for the octahedral (B 4 <0) and tetrahedral (B 4 >0) sites.
As spin-orbit interactions are intra-atomic interactions it means that one always deals with the singlet ground state in case of cubic CEF interactions. Despite of its singlet nature the calculations show that its magnetic moment grows rapidly with the applied magnetic field approaching for the E g state (B 4 < 0) a value of 4.0 µ B . Such the state is expected The present calculations clearly prove that for the meaningful discussion of properties of 3d paramagnetic-ion compounds the spin-orbit and CEF interactions have to be taken into account at the starting point of a physical analysis.
* This paper has been submitted to Phys.Rev.Lett. on 27 January 1997 but has been rejected despite of our argument that our electronic structure is basically different from that published in Phys.Rev.Lett., Refs 1-3. A pretty long and intensive discussion has led to a scientific bet for 1 million dollars between the authors and the Editors. The reader is asked to see our later papers. [6] the computer programme is available on the written request.
[7] one of our papers has been rejected by the Editor of Phys. Rev. B at beginning of 1997 on an argument that our computer program yielding the splitting of the E g subterm must be wrong.
Our long explanations did not help and we were forced to propose, as the real responsibility of Phys.Rev.Lett., a scientific bet for 1 million dollars, if similar discrete structures appear in Phys.Rev.Lett..
[8] R. J. Radwanski and Z. Ropka -to be published (Physica B 186-188, 507 (2000)).
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